Bubble-point and dew-point pressures of oil and gas condensate reservoir fluids are used for planning the production profile of these reservoirs. Usually the best method for determination of these saturation pressures is by visual observation when a Constant Mass Expansion (CME) test is performed on a sample in a high pressure cell fitted with a glass window. In this test the cell pressure is reduced in steps and the pressure at which the first sign of gas bubbles is observed is recorded as bubble-point pressure for the oil samples and the first sign of liquid droplets is recorded as the dew-point pressure for the gas condensate samples.
Introduction
In the hydrocarbon industry, bubble point is known as the pressure at which gas begins to evolve from oil and dew point as the pressure at which liquid begins to condense from natural gas (McCain, 1990) . Oil production will decrease from oil reservoirs that are at the bubble point or below due to the preferential flow of gas that escape from the oil. This is because gas has a lower viscosity than oil and therefore a higher mobility. In the case of gas reservoirs at the dew point pressure or below, liquid condensation occurs, initially near the wellbore region. Some of this liquid condensate flows to the surface with the flowing gas whilst the remainder is trapped in the reservoir by interfacial forces and reduces the gas flow rate (Craft and Hawkins, 1959; Smith, Dawe and Kydd, 2007) . With time a liquid condensate bank builds up which can eventually "kill" the well. In many cases, from knowledge of bubble point and dew point pressures, pressure maintenance schemes are applied to oil and gas reservoirs to sustain oil and gas production rates.
Saturation Pressures from Constant Mass Expansion (CME) Test
The determination of bubble point and dew point pressure (also known as saturation pressure) is important to predict, design and manage oil and gas production from reservoirs (Coats and Smart, 1986; Hosein and Dawe, 2011) . Experimental observation during a CME test is the common route and is a standard test that is performed during Pressure-Volume-Temperature (PVT) analyses on oil and gas samples taken very early from an exploratory well while reservoir pressure is still above the saturation pressure (Danesh, 1998; Hosein, 2004) . This test is conducted in a windowed cell (Figure 1 ), at reservoir temperature and with reservoir pressure or higher as the starting point. The cell pressure is reduced in several predetermined steps down to abandonment pressure with the change in the total hydrocarbon volume for each pressure reduction step measured. During this process a second phase evolves -gas from an oil sample and retrograde liquid (McCain, 1990 ) from a gas sample. The pressure at which the first bubble of gas is observed from the oil sample and droplet of liquid from the gas sample is reported as the saturation or bubble point and dew point pressure respectively (Danesh, 1998) . The hydrocarbon volume at saturation pressure is used as a reference volume and the total hydrocarbon volume measured for each pressure depletion step is reported relative to this volume (Danesh, 1998; Hosein, 2004) .
This method for determining bubble point for some black oils, volatile oils and dew point pressures for gas condensates, especially lean gases (McCain, 1990 ) (C 7ϩ composition of less than 4.0 mole percent) can be difficult and errors greater than Ϯ 500 psia are possible (Mesingset, 1998) . In some cases, small pressure reduction steps of less than 100 psia are needed in order to see the first sign of a change in phase (Hosein, 2004) which make the observation method extremely tedious, time consuming and expensive (Danesh, 1998) . PVT cells equipped with optical devices for detecting a phase change further add to the cost for this test.
Dew Point Pressure from Correlations
An outline of correlations and genetic programming models developed over the years for determining dew point pressures for gas condensates have been documented by Eissa (2008) . Basic data required for the correlations are condensate gas ratio (CGR) (Eilerts and Smith, 1942) , composition and physical properties of the heptanes-plus fraction (Organic and Golding, 1952; Nemeth and Kennedy, 1967; Elsharkawy, 2002) . The correlations themselves have been developed using data from specific geographical regions and depends on the accuracy of the measured input data for example CGR at the time of sampling, gas chromatography (GC) for compositional analysis and True Boiling Point Distillation (TBP) for the properties of the heptanes-plus fraction (Hosein 2004) . Genetic programming models depend on the accuracy of the compositional analysis and require a large data set of experimental dew point pressures for modeling (Eissa, 2008) . CME experiments are therefore the preferred method compared to correlations.
Bubble Point Pressure from Correlations
A comparison of correlations that were developed over the years for determining bubble point pressure for black oils have been documented by Mc Cain et al (2010) . Many of these correlations were developed for specific regions for more accurate prediction of bubble point pressure, by using Standing's (1947) correlation as a base. This difficulty of producing an accurate universal bubble point correlation for black oils and the non-existent of a bubble point correlation for volatile oil also make CME experiments the preferred method for determining bubble point pressure of these reservoir fluids. A Y function (Standing, 1952; Craft and Hawkins, 1959; Amyx et. al., 1960) is commonly used by PVT analysts to smooth out data below the bubble point so as to obtain an almost linear relationship with CME data (pressure and volume) as follows:
The Y Function
The Y function is linear with pressure and is related to the two phase relative volume and pressure as follows:
(1)
Where P b ϭ bubble point pressure, psia P ϭ pressure at any point. V b ϭ bubble point volume, cc V ϭ two-phase volume at pressure P V/V b ϭ relative volume, V t It was derived from the compressibility equation (Standing 1952) 
Where ␤ ϭ compressibility, 1/psi V ϭ volume, cc ␦V / ␦P ϭ change in volume due to change in pressure at constant temperature T. This Y function, which is dimensionless, is applied to CME data below the bubble point from black oil PVT studies (Standing, 1952; Craft and Hawkins, 1959; Amyx et. al., 1960) . In this study we have extended the Y function in a new way to determine dew-point pressure for gas condensates and also bubble point pressures for black oils and volatile oils.
Source of Constant Mass Expansion Data
The samples for this study were selected from different regions worldwide and were classified by composition as follows (summarized in Table 4 ) (McCain, 1990 ):
• Samples with C 7ϩ composition of Ͻ 4.0 mole percent are classified as lean gas condensates.
• Samples with C 7ϩ composition Ն 4.0 mole percent but Ͻ 12.5 mole percent are classified as rich gas condensates.
• Samples with C 7ϩ composition Ն 12.5 mole percent but Ͻ 20.0 mole percent are classified as volatile oils.
• Samples with C 7ϩ composition Ն 20.0 mole percent are classified as black oils. CME data for samples LS1 to LS7 were obtained from published literature and for RS1 to RS4 from PVT reports analyzed by commercial PVT laboratories. Sample TS2 (Hosein and Dawe, 2011) was obtained by recombination using the PVT laboratory (Figure 1 ) at UWI. The gas and liquid condensate samples for the recombination were taken from a surface test separator located on one of the gas production platforms offshore the Southeast coast of Trinidad.
Sample TS2 has a C 7ϩ composition lesser than 4.0 mole percent (Hosein and Dawe, 2011) which suggests that it is a lean gas condensate (McCain, 1990) . Details of the sampling procedures, sample quality test conducted, recombination calculation and composition analysis have been outlined by Hosein (2004) . A CME test was conducted on sample TS2 using the PVT apparatus at the UWI (Mayrhoo, 2012) . Sample LS2 has a C 7ϩ composition greater than 4.0 mole percent (Coats and Smart, 1986) which suggest that it is a rich gas condensate (McCain, 1990) . Samples TS2 and LS2 were used to establish a method for determining dew point pressure without a visual cell. The method was tested with the other lean and rich gas samples and also for determining bubble point of black oils and volatile oils. CME data for Sample LS2 was taken from Coats and Smart (1986) .
PVT Equipment
A photograph of the PVT equipment used in this study is shown in Figure 1 . Basically it can be divided into three sections as follows:
1. A three windowed high pressure cell enclosed in a temperature controlled air oven ( Figure 1 ). 2. A high pressure mercury injection system. 3. Pressure gauge
The operating procedures followed were outlined by Hosein (2004) .
Constant Mass Expansion Test

Determination of Dew Point Pressure by Observation
A Constant Mass Expansion (CME) test was performed on the recombined Trinidad sample TS2 to simulate pressure-volume relations and to determine:
1. Dew point pressure by the observation method 2. Hydrocarbon volume as a function of pressure.
This test was conducted in the windowed PVT cell (Figure 1 ), at reservoir temperature, with reservoir pressure as the starting point. Mercury was removed from the cell and the change in the hydrocarbon volume was measured for each pressure reduction step (Table 1) . During this process a second phase evolved -retrograde liquid (McCain, 1990) . The pressure at which the first droplet of liquid was observed (with the aid of a cathetometer) was reported as the saturation or dew point pressure (Table 1 ). The volume occupied by the saturated fluid, at dew point pressure, V d was used as a reference volume and the total hydrocarbon volume measured for each pressure depletion step was reported relative to this volume (Table 1 ). The volume of the liquid condensate at each pressure step was recorded and expressed as a percentage of the hydrocarbon volume at dew point (saturation) pressure. The pressures and volumes were read to within Ϯ 0.5 psia and Ϯ 0.1 cc respectively. Further details of the experimental procedures involved were outlined by Hosein (2004) . It should be noted that this is a standard laboratory test that is conducted for gas condensate samples and can be found in PVT reports (Amyx et. al., 1960) . In this test, no hydrocarbon is removed from the cell. The observed dew point pressure was 6545 psia as shown in Table 1 .
Results and Discussion
Dew Point Pressure by Observation
Dew point pressures are recorded during pressure reduction when the first sign of liquid droplets is observed and again when pressure is increased, at the point when the last few remaining liquid droplets vaporize. The average of these two pressure readings are taken as the dew point. The above method for determining dew point pressures for lean gases (C 7ϩ composition of less than 4.0 mole percent) is rather difficult and errors greater than Ϯ 500 psia are possible. To attempt to reduce this error, small pressure reduction steps of less than 100 psia are needed in order to observe the first sign of liquid droplets. Because of these small pressure steps, the small sample size (cell volume is usually less than 600 cc) and the small amount of heavy components that condenses during pressure reduction, the determination of dew point pressures by the observation method become tedious, time consuming and expensive.
Dew Point Pressure by Pressure -Volume (PV) Relations
Most often a pressure -relative volume (defined earlier) plot for gas condensates is a continuous curve as obtained in Figure 2 from the CME data in Table 2 , for samples TS2 (Mayrhoo, 2012) and LS2 (Coats and Smart, 1986) . A change in trend indicating single phase (gas) above dew point and two phases (gas and liquid condensate) below dew point is not noticeable as with black oil samples above and below the bubble point (Standing 1952) .
In PVT reports a backup for the visual reading is included from a plot of liquid condensate volume against pressure. This plot is extrapolated to zero liquid volume and the pressure at this point is recorded as the dew point pressure. However a visual cell is needed to determine separately the liquid volume from the total hydrocarbon (gas plus liquid condensate) for each pressure depletion step.
The difficulty of measuring liquid condensate volume was documented by Eyton (1987) . Because of the small sample size and the small amount of heavy components present (Ͻ 4.0 % for lean gases), the first pressure reduction step below dew point can be greater than 200 psia in order to measure only less than 0.3 cc of liquid condensate (Table 1 ). Another 0.5 cc to 1.0 cc can be lost due to wetting of the internal walls of the condensate cell (Eyton 1987) after allowing a drainage time of 0.5 hours (Hosein, 2004; Mayrhoo, 2012) between readings. Hence liquid volumes measured just below dew point could have errors of over 50 %. Such measurements cannot be recommended for extrapolation.
A New Method of Determining Dew Point Pressure using the Y Function
In this study the Y function was modified (Y EXT ) and applied to determine dew-point pressure graphically as follows: 
Where P i ϭ initial pressure (psia) at the start of the CME test P ϭ pressure (psia) at any point. V ϭ total hydrocarbon volume at pressure P V i ϭ initial volume of hydrocarbon in the cell at P i . The values of Y EXT obtained at each pressure step for samples TS2 and LS2 are given in Table 3 . When Y EXT was plotted against pressure, a concave up and concave down plot was obtained as shown in Figure  3 for Sample LS2. When log Y EXT (Table 3 ) was plotted against pressure two straight lines were obtained, one above and one below the observed dew point. These lines were extended and the pressure at the point where they met was recorded as the dew point pressure (Figures 4 and 5) . The differences between the observed and graphical values for both the lean and rich gas samples were less than Ϯ 2.0 %. LS1, (Amyx et al, 1960) 2.24 lean gas 3845 (dew point) 3875 (dew point) 0.8 RS1, (PVT Report) 3.9 lean gas 5006 (dew point) 5100 (dew point) 1.9 TS2 (Expt., this study) 3.92 lean gas 6545 (dew point) 6600 (dew point) 0.8 LS2, (Coats and Smart, 1986) 11.45 rich gas 4430 (dew point) 4500 (dew point) 1.6 LS3, (Pedersen et al, 1989) 5 This proposed Y EXT function method was tested with CME data shown in Appendix Tables A1 to A4 for these lean and rich gas condensate samples. Similar plots shown in Figures A1 to A4 were made to obtain graphical dew point pressures for these gas condensate samples by this method. 
Application of the Y EXT Function Method to Determine Bubble Point Pressure.
The proposed Y EXT function method was tested with CME data for black oils and volatile oil samples shown in the Appendix Tables A5 to A10. Similar plots shown in Figures A5 to A10 were made to obtain graphical bubble point pressures for these oil samples by this method.
Comparison of Saturation Pressure (Sat. P.) from Observation and the Y EXT Function Method
The observed dew point and bubble point pressures (Sat. P.) for the twelve samples can be seen in Table  4 . These were compared to the graphical values obtained by the proposed Y EXT function method. The differences between the observed and graphical values for the lean and rich gas samples, black oil and volatile oil samples were less than Ϯ 4.0 %. These results show that with this new Y function method, dew point and bubble point pressures can be determined quickly and accurately without the use of a visual cell.
Conclusions
1.
A technique using an EXT ended Y function and called the Y EXT function was developed to determine dew point and bubble point pressures graphically. 2. The differences between the dew point and bubble point pressures determined by the proposed Y EXT function method and the observation method were less than Ϯ 4.0 % for the lean and rich gas condensate and oil samples tested. 
